Abstract. The aim of this research was to determine the effects of developmental gymnastics on motor fitness in preschool girls
INTRODUCTION
Physical activity is important for children because of the associated benefits to physical, social and psychological health (Strong et al., 2005) . Accordingly, previous research identified a positive effect of organized physical activity on health outcomes such as body composition, skeletal health, aerobic fitness, blood pressure, blood lipids, motor development, glucose metabolism, and generally psychological health in youth population (Roth et al., 2010; Bungum & Vincent, 1997; Butcher, 1983) . Existing evidence suggests that physical fitness is an excellent indicator of the health of children and adolescents and is a predictor of health in later life (Cvejić, Pejović, & Ostojić, 2013) . According to Goldfield et al. (2012) between 4% -10% of children aged under five are not meeting physical activity guidelines that suggest engaging in 180 minutes of physical activity a day. Consequently, there is a need for different high intensity programs in order to improve physical fitness in children, and consequently improve their health. Unfortunately, there are limited data on preschool-aged children.
The preschool period is the best time to start implementing various training procedures, particularly challenging ones such as gymnastic exercises, swimming and rhythmical coordination accompanied by music (Stojiljkovic & Pirsl, 2016; Strong et al., 2005) , as well as exercises that include jumps or gaining balance elements (Strong et al., 2005) . Developmental gymnastics include gymnastic actions (balance, rolling, step-like action, and flight) and the movement concepts (body, space, effort, and relationship). In developmental gymnastics, children increase the difficulty of skills, vary skills using movement concepts, combine skills in sequences, and perform skills and sequences with partners. Developmentally appropriate skill progressions gradually help children gain the body management skills to perform gymnastic actions and develop muscular strength, endurance, and flexibility (Gallahue & Ozmun, 2005) . Several publications have appeared in recent years documenting the effect of different physical activity programs on motor fitness in preschool. Krneta, Drid & Jaksic (2014) found significant effects of additional kinesiological treatment on explosive strength (Standing broad jump) and flexibility (Seated straddle stretch) in preschool boys. Another latest solution described by Jakšić (2016) tried to define and analyse the effects of various multi-sport models of exercises on the cognitive, motor and morphological development of preschool children. The aforementioned author concluded that certain morphological characteristics have improved, and that certain motor and intellectual abilities of children from the experimental group have also improved in comparison with the control group. Recent research has documented that a 9-week ball skill intervention was effective in improving ball skills in preschool age girls. These skills as the predictor of motor development were maintained overtime (Veldman et al., 2017) . Therefore, early childhood interventions that focus on the development of ball skills in young girls might be necessary. Great effort has been devoted in the study of Radanović et al. (2016) . According to the abovementioned study there is a significant impact of motor abilities on performance of all 3 gymnastic elements among primary school girls. Therefore, it is of great importance to constantly improve the motor abilities in preschool years. The aim of this research was to determine the effects of developmental gymnastics on motor fitness in preschool girls.
METHODS

Participants
This study was performed on a sample of 56 healthy preschool girls that were divided into two groups. The experimental group (N=27) consisted of children attending kindergartens, who volunteered for the experiment. The control group (N=29) was randomly chosen from the cluster of kindergartens. The average age of the children in the experimental group at the beginning of the treatment was 5.08 ± 0.29, whereas the children of the control group were aged 5.36 ± 0.64. Written informed consents were obtained from the parents of all the children, who gave their assent to participate in the study. All measurements and treatments were performed in accordance with the ethical standards laid down in the Declaration of Helsinki. Note: All data are presented in mean ± SD
Testing procedures
The set of anthropometric variables and the set of motor variables obtained by the use of the following measurements and tests were analyzed at the beginning of both treatments, and after 6 months. Body height was measured with a fixed measured using anthropometry according to Martin (GPM Anthropometer 100; DKSH Switzerland Ltd., Zurich, Switzerland; ± 0.1 cm), and body mass with a digital balance (BC1000, Tanita, Japan; ± 0.1 kg), following the guidelines proposed by the International Biological Program (IBP). Motor fitness tests were used from several test batteries and reliability and factor validity was confirmed for this age group (Bala, Katić, Krneta, 2011) . The following test battery was used in motor fitness assessment:
1. 20 m dash. At the command GO the child that stands behind the start line has to run 20 m as fast as he/she can to the end of the track (20 m). The children run in pairs. The score was the time of running, measured in tenths of a second.
2. Obstacle course backwards. The child has to walk backwards on all fours and cover a distance of 10 m, climb the top of a gym bench and go through the frame of the bench. The task is measured in tenths of a second.
3. Standing broad jump. The child jumps with both feet from the reversed side of Reuter bounce board onto a carpet, which is marked in cm. The result is the length of the jump in cm.
4. Arm plate tapping. For fifteen seconds the child has to tap alternately two plates on the tapping board with his/her dominant hand, while holding the other hand in between the two plates. The result is the number of alternate double hits.
5. Seated straddle stretch. The child sits on the floor, leaning against the wall, in straddle position and bows forward as far as possible. A straight-angle ruler is placed down in front of the child and he/she reaches the scale in cm as far as he/she can. The result is the depth of the reach measured in cm.
6. Bent arm hang. The child under-grips the bar and holds the pull-up as long as he/she can (chin above the bar). The result is the time of the hold measured in tenths of a second.
7. Sit-ups. The child lies on his/her back with his/her knees bent and arms crossed on the opposite shoulders. He/she rises into a seated position and returns into the starting position. The instructor's assistant holds the child's feet. The result is the number of correctly executed raises to the seated position (no longer than 60 seconds).
The reliability of these motor tests, as composite tests with 3 items (replications), was previously analysed in a sample of 64 children aged 5-7 years by calculating the intraclass correlation coefficient. Good reliability coefficients were obtained for all these motor tests, as follows: 
Developmental gymnastics program
The basic characteristics of experimental training process were the following: organization: frontal work, group work, work with stations, circuit work and obstacle courses; volume: 60 min, frequency: 2 times a week, intensity: according to the usual external signs (sweat, blush, spontaneous breaks), and according to the heart rates (maximum between 170 and 180 per min). Structure of training: I) warm up -15 min. Various movement with changeable speed, exercises that correct and prevent flat-feet), stretching, corrective and preventive exercises from bad posture, proper sense of good performance; II) main part -40 min. Revision and practice of previous skills, teaching and practice new skills, competitive practice, conditioning; III) cool-down part -5 min. Stretching, coaching comments, conversation. Every part of the training lesson was run in positive and warm, friendly mood, with proper music (particularly in the introduction and preparation). The gymnastics program with all the details is presented in the doctoral dissertation written by Jakšić (2016).
The control treatment included means of exercising, learning methods, and exercising itself, the purpose of which was to fulfil the requirements of the formal plan and program of preschool institutions. The control treatment was conducted in a small kindergarten gymnasium, typical of all gymnasiums in preschool institutions. The treatment was conducted by two kindergarten teachers, who were not experts in physical education. The gymnasium was modestly equipped with the most necessary props.
Statistical analysis
Descriptive data were calculated for all the variables. The Shapiro-Wilk tests assessed the normality of distributions. A two-way repeated measure ANOVA (2 × 2) was used to test for interactions and main effects for time (initial vs. final) and group (training vs. control) on the dependent physical fitness variables. ES was classified as follows: <0.2 was defined as trivial; 0.2-0.6 was defined as small; 0.6-1.2 was defined as moderate; 1.2-2.0 was defined as large; >2.0 was defined as very large; and >4.0 was defined as extremely large (Hopkins et al., 2009) . Statistical analyses were conducted in SPSS (SPSS, Version 18.0, Chicago; IL). Statistical significance was established a priori at p < 0.05 to test the hypothesis that the experimental group would be more effective than the control in improving physical fitness measures in children.
RESULTS
The Shapiro-Wilk test has shown that the data was normally distributed. Values for all motor fitness tests at pre-and post-intervention are presented in Table 3 . After the training intervention, the training group showed significant (p < 0.05) improvements in almost all the analyzed parameters (e.g., Obstacle course backwards; Standing broad jump; Arm plate tapping; Bent arm hang and Sit ups) compared with pretest values, with percentages of change and ES ranging from 13.3% to 48.2% and 0.64 (moderate) to 1.20 (large), respectively. No significant changes were observed in the control group after the training intervention except for the Standing broad jump and Arm plate tapping (p < 0.05). Changes were significantly different in favour of the training group compared to control group in the Obstacle course backwards (p = 0.001; ES = 23.7% vs. 7.1%) and Bent arm hang (p = 0.001; ES = 48.2% vs. -4.9%). 
DISCUSSION
The present study assessed the impact of a 6-month developmental gymnastics program on the motor fitness of children aged 5-7 years. The major findings of this study were that 6 months of developmental gymnastic training improved motor fitness, with positive training effects on coordination and strength, as well as on explosive power and speed of upper limb movement. In the case of the control group, the changes were less pronounced, but explosive power and speed of the upper limb movement were improved. In contrast to the enhanced physical performance, body composition remained nearly unchanged. Increases in height, weight and BMI are usual for this age group. Similar gains in BMI during 6 months (0.4 to 0.8 kg/m2) have been reported in a German reference sample (Kromeyer-Hauschild et al., 2001) . Korsten-Reck et al. (2001) . In addition, Weintraub et al. (2008) observed significant decreases in BMI z-scores over similar time periods. The intervention chosen by Korsten-Reck et al. (2001) also included educational and nutritional advice and z-score values were initially higher than those in our study. This may partly be responsible for the different BMI trend. The reductions found by Weintraub et al. (2008) in their football group were rather small (2.15-2.06 after 6 months) and BMI zscores were in the range of the pre-and post-values observed in the present study. The estimated average energy expenditure during both training programs was about 700 kcal per week. However, nutrition was not controlled for during the long duration of our intervention period and, therefore, a conclusive statement cannot be drawn.
Children in the intervention group showed significantly better improvements in explosive leg strength, upper body strength and the strength and endurance of the abdominals while positive effects on speed and flexibility did not persist. In that direction, developmental gymnastics can play a significant role as it is considered to be an excellent means for improving and promoting motor and health related fitness (Coelho, 2010) . Similar to our study, Roth et al. (2010) have provided evidence that motor skills performance in preschool children can be improved and maintained by an appropriate physical activity program in 4-to 5-year-old boys and girls. Previous studies in children concerning the impact of motor skills on cognitive development and academic performance were based on cross-sectional studies (Haapala, 2013) . However, one study showed significant improvement in motor and intellectual functioning of 5-year old children following a preschool intervention program (Bala et al., 2014) .
Early childhood is considered an ideal age period for the development of fundamental movement skills (Gallahue & Ozmun, 2005; Krneta, Casals & Bala, 2015) . In the present study, the noticeable improvements were found for coordination in developmental gymnastics group. This was confirmed in previous research involving preschool children where a gymnastic program developed locomotor and object control skills (Mostafavi et al., 2013) .
In conclusion, compared to the control group, the experimental group showed significant improvement in the obstacle course backwards testing of young children. It seems that the developmental gymnastics program significantly contributed to the development of coordination in preschool children. The control group showed improvement in explosive power and speed of upper limb movement. The daily activity of young children consists of play that could have a positive impact on the motor development of young children (Corrie & BarrattPugh, 1997) . However, this impact is lower compared to the impact of purposefully organized exercise programs as the developmental program of the present study.
Some study limitations should be noticed. We did not follow the children's daily unorganized activities and inactivity that could have possible influenced mastering the motor skills and development of abilities. Moreover, as a limitation, the relatively small sample size should be considered. Nevertheless, this study provides evidence about the effectiveness of developmental gymnastics programs for the optimal development of young children's motor fitness. 13,3% do 48, % i ,64 (umereni) do 1, (veliki) . U kontrolnoj grupi nije bilo značajnih promena nakon intervencije, osim skoka u dalj I tapinga rukom (p < , 5) . Ova studija pruža dokaze o efikasnosti programa razvojne gimnastike za optimalan razvoj motorike malog deteta.
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